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Evolution of Efficient Methods to Sample Lead Sources, Such
as House Dust and Hand Dust, in the Homes of Children’
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Ffficient sampling methods to recover lead-containing house dust and hand dust have
~cen evolved so that sufficient lead is collected for analysis. and to ensure that correlational
analyses linking these two parameters (0 blood lead are not dependent on the efficiency of
sampling. Precise collection of loose house dust from a i-unit area (484 cm®) with a Tygon
or stainless steei sampling tube connected to a portable sampling pump (1.2 to 2.5 literss
min) required repetitive sampling (three times). The Tygon tube sampling technique for
loose house dust <177 um in diameter was around 72% efficient with respect to dust weight
and lead collection. A representative house dust contained 81% of its total weight in this
fraction. A single handwipe for applied loose hand dust was not acceptably efficient or
precise, and at least three wipes were necessary to achieve recoveries of >80% of the lead
spolied. House dusts of different particle sizes <246 um adhered equally well 10 hands.
Analysis of lead-containing material usuaily required at least three digestions/decantations
using hot plate or microwave techniques to allow at least 90% of the lead to be recovered.
it was recommended that other investigators validate their handwiping. house dust sam-
pling, and digestion techniques to facilitate comparison of results across studies. The final
methodology for the Cincinnati longitudinal study was three sampling passes for surface
dust using a stainless steel sampling tube: three microwave digestions/decantations for
analysis of dust and paint: and three wipes with handwipes with one digestion/decantation
for the analysis of six handwipes together. ¢ 1988 Academic Press. Inc.

INTRODUCTION

The relationship between lead contained in soil and in house dust and measures
of lcad exposure in children has been the subject of many scientific investigations
in recent years (Angle et al.. 1974; Barltrop et al., 1974; Barltrop, 1975; Brunek-
reef et al., 1981; Charney et al., 1980; Diemel et al., 1981; Fairey and Gray, 1970;
Lepow et al., 1975; Milar and Cooney, 1982; Milar and Mushak, 1979; Roberts
et al., 1974; Roels et al., 1980; Sayre et al., 1974; Shellshear, 1973; Ter Harr and
Aronow, 1974; Vostal et al., 1974; Yankel et al., 1977). Most of these investigators
have tried to correlate soil or dust lead with blood lead with little success. There
have been several reports on the correlation of hand lead to blood lead to support
the hand-in-mouth route of lead ingestion (Charney et al., 1980; Duggan, 1980;
Lepow et al., 1975; Roels et al., 1980; Vostal ef al., 1974). Indeed, Buchet er al.

.' This paper was presented at The Second International Conference on Prospective Lead Studies,
Cl?cinnali. Ohio, April 9-11, 1984,
* To whom correspondence should be addressed.
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(1950, also found that near smelter arcas, hand levels uppeared 1o be correlated
10 bady burdeas of cadnuom and arsciig. |

‘The exact contribution of the hand-in-mouth route for lead absorption is de'
pendent on many factors for each child; e.g.. behavioral patterns, housing con
ditions, proximity of ultimate lead sources such as lead paint surfaces and tallow
from automobile exhaust, behavioral patterns of the child, and the bivavailubility
of the ingested metal species, However, the representativencess of the environ
mental samples and validation of the sumpling techniques tor house dust and
hand dust must be demonstrated before correlational results can be regarded as
trustworthy. Previous studies have not documented these factors quantitatively.,

Whether or not hand and blood lead are related may depend upon (1) the
efficiency and representativeness of the washing or handwiping method, (Z)j
whether the hands are deliberately washed by the child or by the caretaker prio«i
to sumpling (which is often beyond the investigiators’ control), (3) which parts o
the hand are placed most often in the mouth, (4) whether the lead is evenly
distributed over the surface of the hand, and (5) wiping varying from investigito
to investigitor. Vostal ¢f al. (1974) reported even distribution of lead on the hands
ol inner-city children. Information on any of these factors was usually not pro
vided in published studies. -

The selection of sampling locations for house dust usually involves a somewhat
subjective but not arbitrary procedure. X-Ray fluorescence data for painted walls
are commonly used as a guide. In addition, the activity arca of the child, th
presence of lead-hased paint, and the intactness of such surfices, age and activily,
of the child, carctaker—child interactions, distance from roads, house cleanliness,
ventilation, hermiticity of the home, playmate activitics, and family schedules ar.
some factors which should contribute to the sclection of sampling locations. Once.
the sampling site has been located, the surfuce has 10 be sumpled efticiently. The
question of whether all or only part of the lead-bearing material on each surfac
should be or has been coliected has never been demonstrated.

We undertook to investigate some of these sampling problems as part of a large
prospective epidemiological study being conducted in Cincinnati, Ohio, wherea
primary source of the lead exposure for many children in this arca is thought
be lead-based pauint (Hammond ¢r al., 1980). We ultimately wish 1o establis
correlations between lead in house and in outside dust, hand dust, and in paiu;
with blood. This report concerns the evolution of representative and efficien
sampling techniques for floor house dust and hand dust, as well us quick, ctficien
analytical techniques for determining the amount of lead in these sources.

MATERIALS AND METHODS

To develop methods of known cfficiencies, the following steps were carried!
out:; selection of representative dust, soils, paints, and surfaces; optimization d
the analytical chemical method for lead in all of these matrices; and optimizati
and characterization of the sumpling techniques for loose (**bioavailable™ a
“child availuble™) floor and ledge dust, and hand dust.

Selection of Representative Sumples of Soil, Dust, Paint, and Surfuces for
Sample Collection

Soils. To ascertain whether geologic or anthropogenic sources of lead were
present in the Cincinnati arca, representative specimens uncontaminated by an-
thropogenic activity and from a specific prehistoric age were chosen to determine
the crustal background level for lead. The Cincinnati area has six major native,
geological soils:

Hinoian lake bed clay, weathered Hinoian red st glac'sl ull, and unweathered Nlinoian
glacial ill, all from the Pleistocene cra some 300,000 years ago. More ancient soils came
from the Upper Ordoviciun era some 450 million years ago and include: fractured Kope
formation shale soil, Fairview formation limestone soil, and Kope formation shale.

Approximately 1-kg samples from each location were gathered by a professional
geologist, Dr. Warren Huff, University of Cincinnati, Department of Geology,
who selected appropriate sampling locations for the collection of virgin samples
free of anthropogenic contamination. The samples were dried in a dustless oven
a 100°C until a constant weight was achieved. Each sample was then processed
with mortar and pestle (metal-free porcelain apparatus) until all of the sample
Passcd through a 149-pm brass sieve to produce reference house dust. Whitfield
in l‘979 detined this size fraction as a dust normally found in-'‘clean reom™
environments. The sieved soil was tumble shaken for | day to ensure unitorm
mixing.

Dust. l’l_'climin;u'y observations suggested that the appearance of dirty hands
was associaled with dry, loose dust arcas rather thun with greasy floor arcas or
areas of dry, encrusted dust or mud. This loose dust would be mobile and could
be associated with detection of high lead levels in dustfall containers.

Several houses were sampled for house dust obtained as vacuum cleaner bag
collections. Objects such as twigs, glass fragments, insects, and paper were re-
moved on passing through a 1-mm brass sieve. The dust was subfractionated
lhroqgh calibrated brass sicves to determine the particle size distribution. The
fraction (approximately I-kg) that passed through a 149-um sieve was retained
ay loose reference house dust.

Paint. Four representative high-lead paints of difterent colors were obtained
by mechanically stripping the paint, slicing it, processing with mortar and pestle
(metal-free porcelain apparatus), and finally sieving all of it through the 149-pm
brass sicve as above. "

Representative surfaces were chosen to simulate those expected in study
homes. The surfaces chosen were

black painted wood table chipped and scarred (80 x 48 ¢cm);

top of cabinet black painted wood (36 x 63 cm);

shelf fastened to a wall, white painted wood (60 x 25 cm);

unpainted pine wood (17 x I8 cm); ,

finished pine wood (31 x 15 cm);

wood board with cracked green paint (29 x 35 cm);

varnished wood board (28 x 28 cm);

blue and white linoleum (30 x 30 cm);
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dotted gruy and white linoleum (30 x 30 cm), (

rough surfaced white painted wooden board (12 x 12 x\0 cm);

indoor-outdoor carpet, mottled orange-yellow-brown-white (30 x 30 ¢cm); or-
ange plush pile carpet (30 x 20 cm).

Optimization of the Analytical Method for Lead in Paints. Soils, and Dusts

Before sampling methodology was evaluated, it was necessary to develop ac-
curate, precise aniytical methods for lead itself since lead miay not be distnibuted
uniformly through all substrate particle sizes.

‘The digestion method chosen was desired 1o be versatile enough to analyze the
lead content of paints, soils, dusts, and handwipes. Among digestion mixtures
evaluated were 1:1:1 HF:HNO;:HCIO,(15 mb); 1:3 HNO:HCIO, (15 mb); 3:2
HNO,:HCIO, (15 ml); 1:3 HNO;:HCI0, (10, 20 mb: 1:3 HNO;:HCI (10, 20 ml);
6:2:5 HCL:HNOyHCIO, (10, 20 ml); nitric acid (10, 20 ml); and hydrochloric acid
(10, 20 ml). All Teflonware (for HF digestions) and glassware were metal free
(souking overnight in 10% nitric acid followed by copious rinsing with distilled
water). Environmental samples of 50 and 100 mg were allowed to stund in the acid
solutions overnight in a fume hood, and the containers were covered with metal-
free watch glasses (Teflon for HF-containing solutions). Digestion, with watch
glasses on at 90°C on a hot plate, was continued until no brown nitrogen tetroxide
was evolved (usually 1 hr). The supernatant was transferred 1o a metal-free beaker
using a metal-free Pasteur pipet. The acid was then evaporated. Ten percent nitric
acid (w/v) (10 ml) was then added with the beaker walls being irrigated, and the
samples were refluxed gently (watch glasses on beakers) for 5 min. The dilute
acid was removed by metal-free Pasteur pipets into calibrated graduaded cylin-
ders. ‘The digestion/wishing process wis then repeated four more tmes using
Y hr digestions 1o ascertain which digestion composition was optimal and 1o de-
termine how many digestions were necessary for quantitative recovery. The wash-
ings were analyzed by atomic absorption spectroscopy at 283.3 nm using an
acetylene (4 fiters/min)air (18 liters/min) flame and the external stundurd method.

The L:1:1 HF:HNO:HCIO, mixture was ulilized 1o ensure that any silicate
matrix was disrupted and o produce the reference results.

Mixtures of specific paints, soils, and dusts in known weights were also ana-
lyzed.

After the optimal digestion mixture, number of digestions, and volumes had
been ascertained, the optimum number of digestions was combined, the acid
evaporated just to dryness, and the residue then redissolved in 10% nitric acid
(10 ml) as above for atomic absorption spectroscopy (AAS) analysis.

To decrease analysis time, the CEM Corporation Microwave Drying/Digestion
System (MDS-81) was utilized to digest dust samples. Since the digestions were
performed in a perchloric acid fume hood, HCI could not be used. Thus, 10 ml
of 5:4 HNO,:HCIO, was utilized in a program consisting of holding at 25% power
for 10 min followed by 75% power for 10 min and finally 1S min at 0% power.
The supernatant solution was then transterred. This was repeated two more times
and all the supernatant solutions were combined before evaporation just to dry-
ness. The residue was reconstituted as above in 10% nitric acid for fead analysis.
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This microwave lech
a hot plate technique

= allows quick sample turnaround time compared with
~ntrol digestion mixtures were also similarly analyzed.

Sampling Techniques: House Dust

The pump utilized was a calibrated battery-operated Bendix Corporation, En-
vironmental Science Division Model BDX 30/31 personal sampler. Tygon S-50-
HL tubing, 6.4 mm o.d., was used 10 connect the pump to the polystyrene sam-
pling cassette, a 37-mm-diameter three-picce Aerasol Analysis Monitors cassette,
preassembied with a thin cellulose support pad, 0.8-pm mixed cefiulose ester
plain white filter, and stoppers (Millipore Corp.), the three sections being held
together with an outside cellulose band (Mine Safety Appliances, Part No. 625415)
or parafilm wrap. Five-centimeter tubing (Teflon, Tygon, polyvinylchloride (3, 6,
9 mm i.d.)) was attached 10 the sampling port of the cassctie to ascertain the best
tubing diameter and material. The more intlexible tubing, e.g., Teflon and poly-
propylene, required a butt-to-butt joint made of Tygon to allow connection to the
cassette. The sampling end of the tubing was cut at angles of 0, 30, 45, and 60°
to ascertain the optimum suiface contact angle for sampling.

The initial sampling efliciency determinations were performed on a smooth
plastic container of dimensions 33 x 28 x 18 ¢m. Dusts (approximately 10, 20,
30, 40, 50, and 100 mg) were deposited as evenly as posslble on the s°ﬁ|1‘ace by
passing the reference house dust through a 149-um sieve while slowly moving
the sieve 5 cm above the surfuce. The surface was then sampled at 2 liters/min
by drawing the s‘.unplim, tubing over the surface (with the thumb on the spine of
the tubing) always in one direction, usually across the widest portion from left
to right Gf right-handed). This procedure was repeated five times. Times and
weights of dust in-the cassette and in the sampling tubing after «,.u.h Pitss were
noted as well as relative humidity, temperature, and atmospheric pressure. Thus,
mass balance considerations allowed estimation of the sampling efficiency, the
cftect of surfuce loading, the optimum number of sweeps, and the effect of each
pump. The umount of lead collected was used as a check.

Storage of sample. The collected dust samples were stored (stoppers on) with
and without desiccating Drierite in quart-size Ziploc bags (Dow Chemical Co.,
Midland, Mich.) to assess storage stability. Cassettes without dust in them were
also included as controls. The effects of storage intervals of up to 2 monlhs were
assessed by direct weighing.

Flow-rate dependence of sampling. Flow rates of I, 1.25, 1,50, 1.75, and 2.0
liters/min were used on the surfaces to ascertain the influence of flow rate on the
sampling efficiency.

Influence of surfuce type on sampling efficiency. The representative surfaces
were then evaluated by the optimized sampling arrangement. As above, five sep-
arate sampling passes were made over each surface. After the fifth sampling pass,
a final sampling pass with a 20-liter/min pump was performed. In some instances,
five passes with the 20-liter/min pump were performed followed by one pass with
the 2-liter/min pump. In another set of experiments, the sampling tubing was a §
X l-cm-i.d. piece of stainless steel 306, with the sampling end compressed to 1.5
cm width and 3-mm aperture. This was connecited butt to butt to the cassette by
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Tygon tubing. A weighed amount of reference house dust (around 50 mg) was
applied to selected surfaces through a 149-pm sieve. The flow rate of the pump
was 2.5 liters/min.

Influence of particle size of dust on sampling ¢fficiency. Dust from a single
houschold obtained by a vacuum sweeper was sieved into known weights of dust
in the following diameter (um) ranges: 44; 44-149; 149-177; 177-246; 246-392;
and 392-833. Sampling was performed with the optimal technique validated on
the plastic surfuce utilized in the first study given above after depositing 50 mg
of dust into an area defined by a template of sampling urca, 484 cm?.

Influence of particle size on transfer of dust 1o the hand of small adults. Known
weights (around 5 g) of sieved dry dusts in the particle size range given in the
immediately preceding section were spread as evenly as possible in 7-mm-deep
plastic petri dishes (20 cm?). The hand of a small adult was then placed tightly
over the dish, and the hand and the dish were inverted and then reinverted. The
hand was removed from the dish so that nonadhering dust fell onto the weighing
paper. The dust weight adhering to the hand was found by subtraction of the
remaining weight.

Recovery of dust from sampling cassettes. To analyze the lead content in the
coliected dust, the dust was transferred from the cassette to the digestion beuker.
The contents of the cassetie were rinsed out by irrigation with wash bottles (three
rinses) containing distilled water or 10% nitric acid. The water or nitric acid was
then evaporated just to dryness at 100°C. The lead content was then found by
digestion/AAS. The lead content of the same weight of dust contiined ina beaker
and analyzed by the sume method was also found.

Representativeness of sampling house dust, A 1-unit square template (484 cm?)
wits lilized Lo define the sampled arca on floors in several homes where coverage
of dust appeared typical and uniform to the cyc. In one case, a 12-unit arca was
sampled in l-unit increments on a carpeted surface, and the mean weights and
jead of collecied dust were compared.

Sampling Techniques: Handwiping

Handwiping for lcad has been reported by Charney er al. (1980), Sayre ¢t al.
(1974), Vostal ¢r al. (1974), and Chavalitnitikul ¢r al. (1984). None of these in-
vestigations assessed or documented the efficiency of their methodology. Several
wiping materials were evaluated in the present study: Wash n’ Dry Soft Cloths
Moist Towelleties No. 634910; Abco Nice Clean Towlettes; Washkin's Hospital

wackettes; Walgreen's Brand Wet Wipes; Lehn and Fink's Wet Ones, and Buby
Size Wet Ones. Hand rinses were also evaluated: 0.1 M HNO, (Roels ¢t al.,
1980), and 0.01% (viv) Zest soap solution. A combination of handwipes and
rinsing was also evaluated. Three different types of house dusts were utilized.

For the validation studies in the laboratory, the human subjects (children 3 1o
10 years old and adulis) thoroughly washed their hands with soap and water, then
blotted them dry on a paper towel. The hands were then rinsed with 500 ml 0.1
M HNO;. The acid solution was poured slowly over all surfaces of both hands
up to the wrists and the runoff solution collected by a lurge plastic funnel sup-
ported by a ring stand and positioned over the opening of a plastic sumple bag

{(quartz-size Ziploc) which was utilized 10 store the sample. The hunds were again
blotted. A weight (50 mg) of reference dust of known lead content was placed on
the subject’s palms with hands held over a plastic pan lined with waxed weighing
paper. The dust was thoroughly rubbed onto all hand surfaces by rubbing the
hands together for 30 sec. Nonadhering dust was caught by the waxed paper
which was then weighed. The weight of adhered dust to the hand was then found
by subtraction.

For handwipes, one towelletie per hand was utilized. The towellette was un-
folded. All hand surfaces up to the wrists and bet-een the fingers were thoroughly
wiped using a rotative motion. The towcllette was then placed in the Ziploc quart-
size bag for storage. The wipes were repeated five times. After the fifth wipe,
the hand was rinsed with 0.1 M nitric acid as detailed above. For all these oper-
ations, the wiper wore gloves.

For hand rinses, the same apparatus was utilized as described above for the
0.1 M nitric acid wash. The 500-ml solution was slowly poured over all surfaces
of both hands up to the wrists, or the solution was placed in the bag and the hand
placed in the bag with the hand waved back and forth five times in the solution.
This rinsing procedure was repeated four more times. After the fifth rinse, the
hand was subjected to one wiping as detailed above for handwipes.

The rinses were transferred 10 a 250-ml beaker. The plastic bag was rinsed
three times with deionized water, the washes were added to the beaker, and the
aqueous solution was evaporated just to dryness. Unused bags were also similarly
analyzed. The sides and bottom of the beaker were rinsed with 3 ml of 10%
Ulirex nitric acid from a Pasteur pipet. The beaker (watch glass on) was then
placed on a hot plate at 100°C for 2 min. The cooled solution was transferred to
a 10-ml cylinder, the beaker was rinsed with 10% nitric acid, and the rinses were
added to the cylinder. The volume was made up to 10 ml, The Nusk was shaken
vigorously and anulyzed for lead.

Soap solution rinsings and washings were evaporated in a 250-ml beaker on a
hut plate at 100°C. Ten milliliters of 6:2:5 HCEHNO,:HCIO, mixture was added
to the cooled beaker, and the sample was left overnight. The sample was then
heated for 1 hr at 100°C (watch glass on) and then evaporated just to dryness.
Nitric acid (10% (v/v); 10 ml) was added, and the solution was gently heated at
100°C for 2 min and then transferred 10 a graduated cylinder for lead analysis.
The washing process with 10% nitric acid was repeated two more times. Soap
and acid blanks were also run.

Each handwipe was placed in a 50-mi beuker, the optimum digestion mixture
(15 mb), 6:2:5 HCI:HNO,;:HCIO, was added, and digestion was carried out at
100°C until no brown gas was evolved. The acid was then decanted into a beaker
after centrifugation at 700 rpm for 10 min, the acid evaporated just 10 dryness,
and the residue was solubilized in 10 ml of 10% nitric acid as described in the
section on digestion. This procedure was repeated five times. This tedious process
often took up to a week to complete. To shorten analysis time, the CEM micro-
wave oven was utilized to carry out the digestion.

In the final method, each hand was wiped three times, and the six handwipes
were placed in a 800-ml beaker 1o which 5:4 HNO;:HCIO, acid (100 ml) was
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added. ‘The microwave oven was operated at 10% power 7 75 min and at 50%
power for an additional 15 min, after which the contents . swirled manually
and then processed again for 15 min at 50% power. The beaker was transferred
10 a hot plate and the acid just evaporated to dryness at 250°C. Aflter cooling, the
residuc was redissolved in 10 ml 109 nitric acid as above for lead analysis.

RESULTS AND DISCUSSION
Analytical Methods Jor Dust, Soil, and Paint

All digestion mixtures gave the sume lead concentrations for the particular
paint, soil, and dust. Table | shows some sample results for nonmicrowave
methods. Even in the 10% paint-in-soil mixture, the observed percentage of lead
paint was analyzed correctly with the relative standard error (RSE) of 17% for
6:2:5 HCI:HNO,:HCIO,, 3.3% for 3:1 HCL:HNO,, and 3.7% for HNO;. All these
methods showed that paint and soil required three digestions/decantations, and
dust required only one. Thus, the tinal method entailed performing three diges-
tions/decantations for all samples. The only ditterence for the more reactive acid
digestions, i.e., 1:1:1 HF:HNO,:HCIO, and 6:2:5 HCEHNO;:HCIO,, was that
only two digestions/decantations allowed >99% recovery of all lead. One diges-
tion/decantation for these digestion mixtures allowed >96% recovery. The mi-
crowave technique was limited by the fact that HCI could not be used since it
would attack the perchloric acid fume hood. Nevertheless, for this technique, a
5:4 HNO;:HCIO, mixturc gave the best results, but three separate digestions
were still necessary to achieve >99% recovery of lead (Table 1). Lead values for
all four representative paints examined (not all tabulated) using these techniques
were essentially identical.

The analysis of lead of the native geological struta in the Cincinnali arca re-
sulted in the following (the data from the 1:1:1 HF:HNO;:HCIO, digestion are
provided first, and data from 6:2:5 HCEHNOL:HCIO, digestion are provided in
parcntheses. All data are expressed as micrograms Pb per gram soil): Hlinoian

TABLE 1
COMPARISUN 01 LEAD RECOVERY 10R D1 eKENT DIGESHON REAGENTS TOR SO g 0F Tiked.
Panis, ONE SO, One Housenust, axn ONe Son/Pasit Mixjure®

Malhgrams lead/gram substiate of fead* found from digestion with

Sumple 6:2:5 HCEHNO HOI0, M1 HCVYHNO, HNO, 5:4 HNOyHCIO

P § 9.68 = 1.20 104 =0 Y32 = 080 _—
Paint 2 1.29 = 0.17 1.37 = 007 1014 —
Pant 3 141 = 0.20 - — 140 = 0O
Sait 0030 = 0.008 G032 = V.08 0.028 = 0008 —
10% miature 0468 = 0144 0.978 = 0.032 108 = 0.04 —

paint § 1 soil 8.7 = LY%* 9.4 = 0.0%* (1S = 4%
Relerence

house dust 114 = 0.5 140 = 0.02 — 115 = 0.8

“ Petection limit"of lead was 12 pg Pbrkg substrate.
* Calculated % paint in mixtuie.

* Mean = 8D of three rephcate deteravnations.

¥ Mictuwave method,

—, not analyzed.

DAMPLL LLEAD DOULRKC LY o)

Lake bed clay, 16.4 ( '); weathered Hlinoian red silt glacial tll, 22.9 (12.1);
unweathered inoian p...cial till, 16.6 (10.5); fractured Kope formation shale soil,
22.2 (22.6); Fairview formation limestone soil, 19.2 (18.6); Kope formation shale,
14.2 (13.2). The relative standard deviations (RSD) of all the values were within
10%. The oaly two soils which gave differing results for the two digestion tech-
niques were the unweathered glacial 1ill and the weathered Hlinoian red silt glacial
1ill, for which the digestion mixture not containing HF was 63 and 53% efficient
compared with . iican 0of 6.3 = 2.1% for the other soils. Thus, the tills have
more silicate-bound lead. The results also show iittle lead contamination occurred
during the drying, sieving, and digestion processes. Hence, the native geological
strata around Cincinnati do not exceed 23 pg Pb/g soil and contribute at least 11
ng Pb/g soil for all soil types. Therefore, lead values greater than 23 pg Pb/g in
house dust must be related to anthropogenic activity rather than to dust from
pristine dirts of the region. In both techniques, only two digestions and decan-
tations were necessary 1o account for >99% of all lead. One digestion/decantation
accounted for >Y9% of the lead for all samples except for fractured Kope for-
mation shale soil (83%) and Fairview formation limestone soil (90%).

The reference house dust sieved into ils constituent sizes (enumerated above
in the scction on Influence of particle size of dust on sampling effitiéncy) gave
the lead content information contained in Table 2. The concentration of lead was
generally independent of particle size, but most of the weight (ca. 75%) was
contained in the fraction <149 pm. Thus, most of the lead was also contained in
this fraction (77%). This supports the use of this size fraction as a reference house
dust.

For handwipe materials, three successive digestions/decantations were required
1o recover >98% of the lead using the conventional hot plate wet digestions and
the 6:2:5 HCI:HNO,:HCIO, mixture. The first digestion/decantation of a given
handwipe material removed between 55 to 66% and two successive digestions/
decantations, 89 to 91%. Thus, the multiple digestion technique allowed twice

TABLE 2
House Dust Parncik S12e, LEAD CONTENT, AND SAMPLING E1 FICIENCY FOR THE OPTIMIZED
SAMPLING PrO1OCOL.

Lead s
content
Weight % of wug Pbig 9% Lead in Sampling efficiency

Size range fractionated dust unfractionated for fractionaled dust
(um) dust fraction dust (%)
<44 18 1440 21 62
H4-149 58 1180 56 76
149-177 4.5 1330 4.9 74
177-246 2 1040 23 47
246392 6.1 1110 5.6 5
392-833 1" 109 9.6 14
Unfractionated dust 100 1214 = 13 ([01] 62

¢ Standard deviation.
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the ethciency ol a singie digestion. The saine 1esuils aveloe VLUSLTVEE JLUT AL A
crowave method which utilized 5:4 HNOy:HCIO, and six handwipes (three from
cach hand). However, the recovery of spiked ionic lead in the first transfer was
89%. The major advantage of the latter technique was the rapidity of the analysis
(4 hr versus 1 week for the conventional method). These results show that a single
transfer using the acid solvent may not recover all the lead in a digested sample,
even though recovery of spiked amounts of ionic lead may be acceplable.

Sampling Techniques: For House Dust

It was found that an angle of 45° tor 3-mm-i.d. Tygon tubing was the optimal
sampling configuration for passing the sumpling tube over a smooth surface.
Tygon was probably successful because of its flexible nature compared with poly-
propylence and Teflon. Furthermore, comparatively inaccessible surfuces such as
window sills, corners, and ledges could be sampled as well as floors and other
large flat surfaces. A 30° angle did not allow cnough contact air volume 1o be
pulled by the pump when the tubing was passed over the surface. A 60° angle did
not allow sulficient contact of the pulled air with the surfuce to be sampled,
resulting in incfficient sampling. A 0° angle did not allow suction to be devel-
oped. The sampler did not sumple dusts at all below a flow rate of 1.25 liter/min,
and it was most efficient and reproducible at 1.75-2.0 liter/min, the flow rate
here showing around 2% precision. The amount of dust retained in the Tygon
sampling tube before the cassetie was always around 4 to 6 mg. Thus, >80%
collection efficiency for the cassctte would reguire un original amount ol dust to
be sampled of at least 30 mg. This was also shown directly by experiment. The
maximum amount that could be sampled was around 5 g. At cassetie dust weights
lower than 40 mg, the dust in the sampling tubing was weighed. Storage experi-
ments revealed that dust could be stored for many months if necessary awaiting
metal analysis. The changes in weight observed were caused by the progressive
drying out of the cellulose shrink band binding the cassetie together.

It was found that the filter itself did not collect all of the dust sampled, and in
fact the collected weight on the filter was not proportional to the amouat of dust
sampled, the proportion varying from 6 1o 15% (w/w) over a total sampled mass
range of 50 to 100 mg. Most of the dust deposited on the sides of the casselie
due to electrostatic attractions. Filter breakthrough as measured by placing an-
other cassette behind the first one was less than 0.1% of the total amount of dust.
Thus, a quantitative recovery technique had to include recovery of all the dust
in the cassette and in some instances for collected weights less than 30 mg, in
the Tygon tubing just before the cassette. The two washing techniques evaluated
for dust recovery from the cassette and Tygon tubing before the cassette both
gave 100% recoveries with, however, the water washing providing a relative pre-
cision of 10% rather than 36% as observed for the nitric acid washing medium.

The results for sampling loose dust on representative surfaces are shown in
Table 3. These efficiencies are in relative weight percentage of recovered dust
and define the cumulative recovery by the five wipes as 100%. In all cases, at
least three sweeps were necessary to recover reproducibly at least 84% of the

recovered dust for the 2-liter/min pump and also for the 20-liter/min pump. The

inbLe 5
DUsT SAMPLING RECOVLRY OF 1HL: VACUUM METHOD USING TiHE OPIiMIZED TYGON Tusing
SAMPLER AFTER SAMPLING VARIOUS SURFACES (CA. 900 ¢m?) FOR DUST

Cumulative recovery for sampling number

Surface Pump 1 2 3 4 s
| 6l 75 86 96 100
1 2 63 Ir) 94 100 100
2 | 66 9 10 100 100
2 2 8Y 96 100 100 100
3 | 68 It 9 95 100
3 2 78 87 93 96 100
4 | 66 M 91 96 100
4 2 83 89 98 9 100
5 | 7 [ 3] 90 9§ 100
S 2 82 9 95 97 100
6 | 04 79 96 98 100
6 2 80 ] 96 9 100
7 | 42 66 .2} 94 100
7 2 S4 75 87 94 100
8 1 47 100
9 | 73 100
Averuge = SP | 6} x | LUV Yl = 6 96 = 2 100
2 76 = 12 87 > 8 95 =z 4 98 = 2 100

Note. Pump 1, 2 liters/min. Pump 2, 20 liters/inin. Key 1o surfaces: 1, Wood board
paint, | cm thick; 2, wood board, varnished, 2 cm thick; 3, linoleum, smooth but lcxlu;c‘ilr?:klcigogl?ucr:
smooth; 3, wood board, white paint, rough; 6, carpet, indoor/outdoor; 7, carpet, shag p'lu;h pile; 8
wood, 1able black painted, chipped, and scarred; 9, top of cabinet, painted wood o
“ Without surfaces 8 and 9. .

recovery for three sweeps was 91 = 6% (mean =SD) for the seven surfaces
rclullvc.lu five sweeps of the 2-liter/min pump. The corresponding recovery for
lhc'20-l|lcrlmin pump was 95 = 4%, not significantly different. On a recovery
basis, all surfaces gave statistically equivalent values for both pumps except for
surface No. 7 (shag rug). For the 2-liter/min pump, the recovery for one sampling
pass on surfuce 7 was only 42%, a reasonable result. Thus, one sweep was not
sufficient to sample surfaces cfficiently. For the 2-liter/min pump, the recovery
for one sweep varied between around 42% (for shag rug) to 77% (for wood board)
although the efficiency for surfaces 1 to 6 in Table 3 was 67 = 5% with a RSD'
of 7.5%. In this case, for surfaces | 10 6 correlations linking dust levels to other
parameters '(viz.. blood lead) would not be changed since the precision of re-
covery is high in spite of nonoptimal efficiency. However, if the sampling effi-
ciency is extremely variable, then the observed correlation with blood lead might
be distorted or even understated. ¢
Even for the 20-liter/min pump, the recovery for one sweep varied between
34% (for shag rug) to 89% (for varnished wood board); the recovery for surfaces
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| 10 6 for one sweep was 79 = 9% with a RSD ol 11%. l-'( rmore, the quan-
titative nature of the recovery with five sweeps by the 2-lit s Min pump 0N sur-
fuces | to 6 was demonstrated by the fuct that negligible amounts of dust were
found in a clean cassette when the surfaces were swept again by the 20-liter/min
pump. The 20-liter/min pump had many disadvantages: it was noisy, heavy, and
required line voltage. Furthermore, since the study homes very rarely had plush-
pile carpet, the light, portable, quiet sampling pump wis utilized with three
sweeps of surfaces being performed (sumpling time 5-7 min) over i 484-cim? arca,
Jor surfuces 1 1o 6, the mean recovery for @ three-sweep technique relative to
five sweeps was 96 = 3% (mean = SD). This was not any better than for the 2-
liter/min pump 92 = 5%. The use of multiple sweeps nullificd the dependence of
the collection cfficiency and precision on the type of surface sampled, at least
for these surfuces. Few house lead studies have reported validation methods like
those in the present study which ensure that sampling cfficiency and precision
are aot important, uncontrolled variables when sampling surface dust.

The sumpling results in Tuble 3 are for loose dust <149 pm applicd on various
surfaces. Use of loose dust simulated the most available dust suitaces to child.
The next steps were 10 assess if <149 pm was a realistic reference house dust
particle size, 0 find if the lead concentration varied with particle size, and 1o
characterize the sumpling efficiency of the optimized sumpling technigue for loose
dust of different particle sizes. These results are presented in Table 2. Ona weight
basis, 76% of the pooled house dust composite comprised particle diameters < 149
pm. The fraction 149 to 392 pm constituted only 13% by weight of the total dust.
The diameter range 392 10 833 pm compriscd 11%. As can be seen, the sampling
clficiency did not decrease unti! dismeters of 177 pm were exceeded, and cven
the 177- 1o 246-um fraction was sampled with 47% efficiency. Above 246 um, the
sampling efficiency was = 14%. However, when the lead content, the amount of
each size fraction, and the sampling efficiency are taken into account, the five-
sweep sampling protocol for a 50-mg dust of size <149 pm would collect around
2% of the lead; for particles <177 pm, the cfficicncy was also 72%. The cal-
culated overall efficiency for collecting lead in the unfractionated dust would be
around 62%. However, with cither three or five sweeps. the RSD would be less
than 10%.

‘The next step was 1o assess it the sampling of a unit (484 cm?) area delineated
by a Plexiglas template gave representative resulls for a typical carpeted surface.
The twelve unit areas yiclded a mean = standard deviation of 28 = 4 mg dust.
Thus, sampling a unit area appeared 10 be representative.

All the above experiments involved the optimum Tygon tubing configuration.
Results for the stainless steel tubing modification are provided in Table 4. In spite
of the variation of surface types, the recovery results are simifar to those for the
optimized Tygon tubing sampler. Again, after three sweeps, the RSD in cumu-
Jative recovery was 6.4% (compare 6.6% for three sampling passes for the seven
surfaces in Table 3 for the Tygon sampler). This confirms that repetitive sampling
will provide precise results. However, the absolute recovery for the stainless steel
sampler was 57 = 14% for five sweeps compared with 72% efficiency from Table
2 for the Tygon sampler for the diameter fraction €149 pm.

TABLE 4
RECOVERY OF Dust FROM ( us SukrACEs USING THE VACUUM METHOD (2.5 lilers/min) AND THL
STAINLESS STLEL TUBING SAMPLER

, Cumulative recovery (%) tor Cumulative
Weight sampling number absolute
applied efficiency*
Surface (mg) ] 2 3 4 b (%) ’
| b2R 73 €N 96 ‘)7— 100 81
529 72 4] E2] 97 10 n
2 51.5 93 97 97 97 100 b
51.5 B6 95 98 99 100 66
3 519 82 99 100 100 100 417
51.0 90 97 9 100 100 65
] $4.9 69 83 90 9s 100 64
548 7 88 93 98 100 47
5 54.3 52 70 83 91 100 56
24 4 0 82 94 100 49
6 50.9 n 92 98 w100 . 29
516 80 92 98 9% 100 52

Average * SD 3= | 74=14 B =zI0 Yi=xzb6 97 =3 100 57 = 14

Note. Key 1o surfuces: Smooth— 1, bare wood (324 cm?); 2. refinished wood (458 cm?) 3. linoleum

{ cm). RUUL’h—". short ca pet { cm); S, long ca pe 1 cm
484 ) rpet (484 ] 3 rpet (484 ¢cm’); 6 p inted wood (484 =
1y ( ). 6, (48: ).

Recovery of Lead from Hands

dg':a;al::OSI (s)hows the :!.Ia;lu for the recovery of lead from the hands of children of
* eurs un m . o~ . » H M y . -2 1 o » M
e me[hzd, rom adults using handwiping, handrinsing, and a combi-

It is clear that results based on recovered hand lead instead of absolute lead
recovery can be misleading, since 100% recovery with respect to recovered lead
of!cq did not coincide with 100% efficiency with respect to the known mass
apphcd. Handwipe treatments 1, 2, 4, and 5 and handrinse treatment 8 were in
this category. Handwipe treatments 3 and 6, handrinse 7, and the combination
!nethod treatment 9 were more efficient. However, the handwipe material used
in treatment 3 becume unavailable. For treatment 6, four wipes for children and
a.dulls were necessary to achieve 93 = 4% (arithmetic mean + standard devia-
!lon) recovery of recovered lead corresponding to 99 * 26% absolute efficiency
in the cases where known amounts of lead were applied. Three wipes for treat-
ment 6 for all children and adults was 85 = 7% cfticient with respect to recovered
Ie'fnd; l_hc RSD was 8% compared with 4% for four wipes. Either three or four
wipcs is p.robably acceptable. Table 5 also shows that the laboratory experiments
g:::;ng w.nhhl_(n'?\lwn :al:\d lead actually simulated the recovery of hand lead from

ren in high lead homes, w anti H ad ¢

children ' I sgunknowm here the quantity of hund lead and the form of

The treatment 6 handwipe contained water, SD alcohol 40, propylene glycol,




TABLE S
Liap RECOVERIES TOR HANDWIPING AND HANDRINSING TECHNIQUES FOR HAND LEAD

%

Cumulative upparent Cumulative
recovery at treatment ubsolute
Recovery elliciency
Subject method Mcthod t 2 3 4 5 (%)
Adult Wipe | 43 65 ¥ R7 10 9
Adult Wipe* 2 47 ol . {1} 93 HX) o8
Adult Wipe* 3 60 80 1.1.] Y6 100 .+
Child Wipe 4 82 100 100 100 100 - 16
Child Wipe* b 63 92 9% 100 100 37
Child Wipe 6 58 7 91 97 100 61
Adult Wipe 6 58 73 78 91 100 106
Adult Wipe* 6 .67 88 95 97 100 78
Adult Wipe* 6 63 75 B0 89 100 98
Adult Wipe [\ | 64 M %Y 100 132
Adult Wipe" o n 87 95 97 101} 121
Child Wipet 1 a4 57 76 89 100
Child Wipet 6 36 63 80 91 100
Wipe® [ 52 7 83 W 100
WipeH 6 57 76 86 96 100
Adult Rinse” 7 6l 8S 92 97 100 I
Child Rinse 8 1O 100 100 100 100 10
Adull Rinse/wipe! 9 84
Average = SD 6 §2222 75:=9 KBS =7 93z d W0 Y9z 2

Note. Method: (1) Abco Nice Clean Toweletie —benzalkonium chionde towelette No. 634910; (2)
Washkiny Hospital puckette; (3) Wash 'n’ Dri Sott Cloths Moist Toweleutes: (4) Wet Oaes (Lehn and
Fink Co.); (5) Baby Size Wet Ones (Lehn and Fink Co.); (6) Walgreen's Brand Wet Wipes; (7) 0.1 M
HNO,; (8) 0.01% aqueous Zest solution; (9) 0.1 M HNO, fullowed by a hundwipe with treaiment 6
then followed by another rinse.

“ 50 mg dust applied.

b Hand lead unknown initially.

« Dust 2 and dust 3, respectively, 1o assess recoveries for diftereat housedusts,

sorbic acid, sodium nonoxynol-9-phosphate, Oleth 20, PEG/75, lanolin, disodium
phosphate, citric acid, and fragrance. The arca of its nonwoven fabric-like surface
was 322 cm?.

Most of the researchers who have published hundwipe techaiques have utilized
only one wipe or one wash and have usually not provided documentation on the
efficiency of their methodology. Even if the treatment 6 handwipe had been used
by previous investigators in the same manner as in the present study, the absolute
cfficiency of lead recovery for one wipe would be 50 = 29%, a most undesirable
result. This figure was computed from Table 5 using the absolute recovery for
one wipe as calculated trom those experiments for which absolute recoveries
were known. If one wipe of the handwipes utilized in treatments | to 5 were
utilized, the equivalent figure would be 30 = 15%, statistically indistinguishable
from the results for treatment 6 because of the very poor precision. Thus, unless
three to five wipes are performed, very poor precision in hand lead levels will
result independent of the type of handwipe, and probably not enough lead will
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be collected for analysis purposes in many cases. In addition, the poor precision
for one wipe means that correlational analyses will also have corresponding poor
precisions, unlike in the house dust sampling technique where a good precision
for one sampling was obtained in spite of an inefficicnt method.

When one handrinse with 0.1 M HNO,; was performed, the absolute recovery
was 45%. Thus, three to five rinses are again necessary 10 approach an absolute
efficiency of 70%. This probably signifies that part of the dust is engrained in the
hand and requires physical rubbing for removal. In all likelihood, one handrinse
will have more precision than one handwiping, slthough this test was not explic-
itly performed. It is clear from Table 5 that recovery of hand lead depends not
only on the type of handwipe or rinse but also on the number of repetitive wipes,
the latter factor being most important to ensure that comparable efficiencies are
attained for different hands. Since different investigators wipe with different pres-
sures, clearly all investigators should validate their particular technique rather
than assume that recovery is quantitative or that the amount detected is auto-
matically **bioavailable.”

The combination method gives a satistactory recovery of 84%. However, since
use of dilute nitric acid was not eagerly welcomed by the investigators for human
studies, handwiping alone was the technique finally chosen.

The recovery-of spiked ionic lead in the handrinse solutions was always 90 to
96%. The lead content of handwipe materials varied widely, reaching a high value
of 5 ug Pb/g hundwipe for the handwipes of treatments 4 and 5. The handwipe
for treatment 6 generally had a lead value of <2 pg Pb/g handwipe.

Dependence of Adherence of Dust on Particle Size

Once an adequate method (handwiping; treatment 6) had been found tor re-
covery of hand lead, it was possible to assess if there was a particle size depen-
dence of adherence of dust to the palms of the hands. These results are-provided
in Table 6. When the two dusts of largest diameter (>246 pm) are excluded, the

TABLE 6
ADHERENCE OF APPLIED DUST (AROUND 5g) OF KNOWN PARTICLE SIZE TO THE PALM OF A SMALL
AbuLT HAND
Weight
adhering
Diameter to hand
(pm) (mg) % Adherence
<44 272 0.5
4-149 21.7 0.2
149-177 31s 08
177-246 292 0.8
246-392 10.3 0.2
392-833 614 1.3
Arithmetic mean = SD 31.2 = 166 0.6 = 0.42
289 = |y 0.58 = 0.29~

* Without the data above 246 um.




Yl QUL HEL LT AL

average adherence is around 0.58 = 0.29%, or the m;lxilg capacity of cach
hand is 28.9 = 1.9 mg. Since most dusts <246 pm in our stduy houses contained
83% of the weight and 85% of the lead (Table 2), the potential hand lead for a
dust which contains 1 mg Pb/g dust could be a maximum of 25 ug lead.

Values of up 10 250 pg Pb recovered from both hands of our study children
imply a minimum Pb content of around 4.3 mg Pb/g dust assuming equal lead
distribution for both hands and that the hand is the same size as our adult subject;
that is, the maximum capacity is 29 mg dust/hand. If one finger represents 12%
of the area of a hand containing S00 pg Pb, the amount of lead recovered from
the finger could be up 10 20 pg assuming equal coverage. If it is known l'rorp
observation which part of a hand the child favors licking, then the dust on this
area can be sampled quantitatively using the multiple wipe technique or can be
estimated assuming equal coverage if not enough lead can be collecied.

Sampling of House Dust on Greasy Surfaces

The method for dust sumpling discussed above allows precise sampling of loose
dust <177 um in diameter, which appears to comprise 81% by weight and 82%
of the lead contained in typical dusts from houses of children (Table 2). To vecover
larger diameter and ingrained dust, we applied our handwiping technigque (live
wipes) 1o the floors just sampled by our optimized method for loose dust. One
wipe was also not sufficient 10 sample this type of surfuce. Obviously, cuch sur-
fuce will have its own type of lcad loading. and sampling decisions for surfaces
with greasy dust and encrusted mud will depend on the state of the deposil.
Quantitative sampling of lead in greasy surfaces presents a research problem of
considerable difficulty. In any event, iead in loose dust is probubly more availuble
to the child than in greasy deposits or encrusted mud. The vacuum method is
still applicable.

The results of the efforts in our full study 1o correliate blood lead with hand lead
and house dust lead are beyond the scope of this paper and will appear elsewhere.

CONCLUSIONS

If a saumpling method has the same efficiency over all surfaces likely to be
encountered in a study, then correlational analyses will not be affected unless the
minimum detection level is not exceeded. One wipe recovered 1o 82% of the
hand lead with a RSD of 42 10 110% irrespective of the type of handwipe. In
contrast, one sampling pass with the Tygon tube sampler for loose house dust
with a 2-liter/min pump recovered 63 = 11%, and one pass with a 20-liter/min
pump recovered 76 = 12% on the surfuces tested. Since the precision of sumpling
hard, smooth surfaces was gencrally acceptable, valid correlations would be ob-
tuined in spite of the relatively poor sampling efficiency. This would not be so,
however, if not enough dust were collected to exceed the detection limit or if the
sampling efficiency were markedly dependent on the type of surfuce. Since the
detailed aspects of sampling protocols, details on types of surfaces, and a surface-
specific compartmentalization of environmenta! data are rarcly attempted or pro-
vided in published studies, the true correlations between blood lead, hand lead,
and house dust lead can be distorted by the variation inherent in the sampling

technique. The biolog( meaning of the levels found on the floor and on the
hand depend on the sifv ..on. Thus, the child may prefer one area to others and
may suck a preferred finger or part of the hand. Use of the strategies presented
here will maximize the likelihood of detecting the suspected toxicant once hy-
gienic and preferred arca considerations are taken into account.

The choice as to which house dust sampler to use, the Tygon or stainless steel,
does not arise if correlations alone are being considered since both sample pre-
cisely if the repetitive sampling technique is employed. As to the significance of
the absolute levels, the type of surfuce determiues the significance of the data.
Optically smooth surfuces are probably best sampled for available dust by the
stainless steel sampler since its sampling geometry and the surface are relatively
constant. If the surface has cracks or significant steep depressions into which
fingers of children could be poked, or if the surfaces have corrugations, e.g.,
some window sills, then the Tygon tubing sampler is probably favored since Tygon
is flexible enough to reach such places. The stainless steel sampler was the one
chosen for the surfuces in our study homes.

This study has shown that much variation can be caused by not choosing a
sampling method with a sampling efficiency independent of susfaces or by not
being able to collect enough lead for analysis. The house dust samples were loose
and relatively availuble to the child. It was demonstrated that loose dust particle
sizes <246 pm could adhere to a child’s hands. The study also showed that loose
house dust and loose hand dust could be sampled adequately by at least three
repetitive sumplings. The techniques developed here are also potentially useful
for saumpling house dust in homes near smelters emitting arsenic, cadmium, and
other nonvolatile toxic compounds in acrosol form. The strategies for establishing
sampling cfficicncies are also pertinent to other areas: forensic chemistry, e.g.,
for handwiping hands that contact a gun, or assay dust and soils for paint chips
from car accidents; in occupational hygiene, for example, in foundries; and en-
vironmental chemistry, e.g., assessing probable exposure of children who mouth
dioxin-contaminated soils. In any event, it is likely that 4 multiple wipe meth-
odology will have 10 be used for effective and sensitive sampling.

The preceding results have demonstrated that house dust and hand dust sam-
pling techniques have to be validated for each investigator before homogeneous
data independent of sampling bias can be obtained. The literature contains little
documentation of the efficiencies of handwiping or house dust sampling tech-
niques. A very recent report documented that the Occupational Safety and Health
Administration (OSHA) wipe test for lead-containing dust <40 um diameter using
filter paper varied in recovery between 31 to 212% for different wipers on the
same smooth surface (Chavalitnitikul and Levin, 1984). Moistened filter paper or
paper towels were more effective 89 = 2 (mean = SD) and 79 + 5%, respectively.
For porous surfaces like plywood, the filter papers and paper towels allowed only
I8 = 5 and 35 = 5% recovery, respectively. Adhesive surfaces were more effi-
cient for plywood (64 = 13%). These investigators also utilized handwiping and
facewiping to assess if blood lead could be correlated to hand and face lead. They
did not validate these techniques (Chavalitnitikul er al., 1984).

Since investigators have their own techniques and can wipe more or less in-

R




tensely than in the present study, atis imperative that investigitors should validate
their individual techniques. For our particular methodology, three sampling
sweeps for house dust, three handwiping passes, three digestions/decantations
for dust, soils, and paint, and one digestion/decantation for handwipes using a
microwave oven technique were adopted. These were the methodologies selected
tor the longitudinal study.

ACKNOWLEDGMENTS

‘The authors acknowledge NIH ES 00159 and NIH ES 01566-04 for grunt support. Bud Edclstein
1» thanked for his technical assistance. The Analytical Section of the Department of Eavironmental
Health performed all the lead analyses.

REFERENCES

Angle, C. R., and Mclintire, M. S. (1974). Lead in air, dustfall, soil, housedust, milk and water:
Currelation with blood lead of urban and suburbian school children. In ““Trace Substances in
Enviconmental Health, VI Proceedings of the 8th Annual Conference Triace Substances in
Environmental Health, Columbia, June 14,7

Barltrop, D., Strehlow, C. D., Thornton, J., und Webb, J. S. (1974). Significance of high soil lead
concentrativns for childhood lead burdens. Environ. Health Perspect. Expr. Iss. 7, 715-84.

Barltrop, D. (1975). Significance of lead contaminated soily and dusts for human populations. Arh.
Hig. Radu Toksikol. 26(Suppl.), 81-93.

Brunckreef, B., Veensira, S. )., Biersteker, K., and Boleij, J. S. M. (1981). The Arnhem lead study.
1. Lead uptake by 1- 10 3-ycur-old childrea living in the vicinity of a secondary lead smelter in
Arnhem, the Netherlands., Environ. Res. 28, 441-448.

Buchet, 1. P, Roels, H.. Lavwerys, R, Bruaux, P, Clacys-Thorcau, F, Labontaine, A, and Ver-
duyn, G. (1980). Repeated surveillance of exposure to cadmium, manganese and arsenic in school-
age children living in rural urban and non-ferrous smelter areas in Belgium. Environ. Res. 22,
95-108.

Charney, E., Sayre, J., and Coulier, M. (1980). Increased lead absorplion in inner city children: Where
does the lead come from. Pediatrics 65, 226-23).

Chavalitnitikul, C., and Levin, L. (1984). A luboratory evaluation of wipe testing based on lead oxide
surtice contlamination. Amer. Ind. Hyg. Assoc. J. 48, 311-317.

Chavalitnitkul, C., Levin, L., and Chen, L. C. (1984). Study und models of total lead exposures of
baltery workers. Amer. Ind. Hyg. Assoc. J. 45, 802-808.

Diemel, J. A. L., Brunekreef, B., Boleij, ). S. M., Biersteker, K., and Veenstra, S. J. (1981). The
Arnhem lead study. H. Indoor pollution, and indoor/outdoor relationships. Environ. Res. 25, 449-
456.

Duggan, M. J. (1980). Lead in urban dust: an assessment. Water, Air. Sail Pollia. 14, 309-321.

Fawrey, F. 8., and Gray, J. W., l11. (1970). Soil lead and pediatric lead poisoning in Charleston, $.C.
J. Swah Caroling Med. Assoc. 66, 19-82.

Hammond, P. B, Clark, C. S., Gartside, P. S., Berger, O., Wulker, A., und Michael. L. W. (1980).
Fecal lead excretion in young children as related to sources of lead in their environments. Int.
Arch. Occup. Environ. Health 46, 191-202.

Lepow, M. L., Bruckman, L., Gillette, M., Markowilz, 8., Robino. K., und Kapish, J. (1975). In-
vestigations into sources of lead in the environment of urbun children. Environ. Res. 10, 415-
426.

Milar, C. R., and Mushak, P. (1979). Lead contaminated housedust: Hazard, measurement and de-
contamination. Paper presented at Conference, Manugement of Increased Lead Absorption in
Children: Clinical, Social und Environmental Aspects, Bultimore, Murylund, November 20.

Milar, §. B., und Cooney, P. A. (1982). Urbun ieud — A study of environmental lead and its significance
10 schoul children in the vicinity of 4 major trunk road. Atmos. Enviren. 16, 615-620.

Roberts, T M., Hutchinson, T, C.. Paciga, J., Chattopadhyay, A., Jervis. R. E., and Van Loon, J.
(1974). Lead contamination around secondary smehters: Estination of dispersal ind accumulation
by humans. Science (Washington, D.C.) 186, 1120-1123.

YN} IV I N T Y

Roels, H. AL Buchel, ) ¢rys, RORL Bruaux, P, Cheys-Thoreau, E, LaFontaine, A, and
Verduyn, G, (19801 Exposine to Jead by the oral and the pulmonary routes of ¢hildren living in
the vicinity of .. reirvary lead smelier. Favicon. Res. 22, 81-94.,

Sayre, J. W., Charney, E., Vostal, J., and Pless, 1. B. (1974). House and hand dust as a potential
source of childhood lcad exposure. Amer. J. Dis. Child. 127, 167-170.

Shellshear, F. D. (1973). Lead poisoning in childhood: A case report with environmental duplications.
New Zealand Med. 1. 78, 251 -254.

Ter Harr, G., and Aronow, R. (1974), New information on lead in dirt and dust as related to the
childhood lead problem. Environ. Health Persp. Expi. Iss. 7, 83-89.

Vostal, J., Taves, E., Suyre, J. W., and Characy. E. (1974}, Lead analysis of housedust: A method
for the detection of unother source of lead exposure in inner city children. Environ. Health
Perspect. 7, 99-102.

Whilficld, W. J. (1979). A study of the eflects of relative humidity on small particle adhesion 1o
surfaces. In **Surface Contamination; Genesis, Detection and Coatrol (K. L. Mittal, Ed.
Plenum, New York.

Yankel, A. J., von Lindern, 1., and Walier, S. D. (1977). The Silver Valley lead study. The relationship
:;lv;een childhood blood lead levels and environmental exposure. J. Air Pollut. Control Assoc.

., 763-761.




